Soil texture has an important influence on agriculture such as crop selection, movement of nutrient and water, soil electrical conductivity, and crop growth. Conventionally, soil texture has been determined in the laboratory using pipette and hydrometer methods requiring significant amount of time, labor, and cost. Recently, in-situ soil texture classification systems using optical diffuse reflectometry or mechanical resistance have been reported, especially for precision agriculture that needs more data than conventional agriculture. This paper is a part of overall research to develop an in-situ soil texture classification system using image processing. Issues investigated in this study were effects of sensor travel speed and light source and intensity on image quality. When travel speed of image sensor increased from 0 to 10 mm/s, travel distance and number of pixel were increased to 3.30 mm and 9.4, respectively. This travel distances were not negligible even at a speed of 2 mm/s (i.e., 0.66 mm and 1.4), and image degradation was significant. Tests for effects of illumination intensity showed that 7 to 11 Lux seemed a good condition minimizing shade and reflection. When soil water content increased, illumination intensity should be greater to compensate decrease in brightness. Results of the paper would be useful for construction, test, and application of the sensor.
.
Important issues for development of an image acquisition and processing system are effects of light source, light intensity, and sensor travel speed on image quality (Yoon and Cho, 2000) .
Overall objective of the project is to develop an in-situ soil texture classification system using image processing, and this paper reports preliminary test results for design of the system. Specific objective was to investigate effects of sensor travel speed, light source and intensity on image quality.
II. MATERIALS AND METHODS

Image Acquisition System
Our goal was to develop a portable in-situ soil texture classification system using image processing.
Two alternative platforms were considered: a moving platform that took soil surface imagery traveling through the soil profile by incorporation of the sensor in other sensing system (e.g., cone penetrometer), or a stationary platform that captured surface imagery of soils obtained by soil sampler (e.g., auger). Therefore, the image acquisition sensor for in-situ soil texture classification system needed to be smaller and lighter.
After market survey, a magnification-controllable CMOS image sensor (Model: USB 2.0 PC camera SN9C201 * , Sonix Inc., Springfield, Virginia, USA) was selected for our study (Table 1 and Fig. 1 ). Diameter and height of the camera were 3 cm and 9 cm, respectively. Magnification was controlled by rotating the front lens and the ratio was calculated and confirmed by comparing pixel numbers of the reference and sample images.
Tests for Effects of Sensor Travel Speed
As sensor travel speed increases, obtained image would contain lines and less clear due to afterimage effects, and the degradation of the image quality would be dependent on shutter speed. Effects of sensor travel speed on image quality were investigated to determine suitable platform (i.e., moving or stationary)
for the selected image sensor. Fig. 2 shows experimental setup to change sensor travel speed. Soil was sampled from agricultural dry-land field located at the Chungnam National University, packed, and leveled.
The image sensor was mounted on a rigid fixture * Mention of trade names or commercial products in this paper is solely for the purpose of providing specific information and does not imply recommendation or endorsement by the authors or their institutions. 
Where, x, y: location coordinates within an image f(x, y): pixel value at (x, y) for stationary (reference) image g(x, y): pixel value at (x, y) for moving (test) image N: total number of pixels within an image
Tests for Effects of Light Source and Intensity
Effects of light source and intensity were investigated, and effects of soil water content were also tested at selected lighting conditions. Commercially available and widely used two white LEDs (Table 2) were tested in a self-made 20 × 17 × 35 cm 3 dark room (Fig. 3) to minimize ambient light interference. The white LEDs were selected considering power consumption and size (Y.C. OptotechInc., ChungHo City, Taipei, Taiwan).
Distance from the camera front to soil samples was To control soil water content, soil samples of 165/500 g/mL were mixed with 0, 100, 200, and 300 mL of water, sealed, and stored for 24 hours before tests for soil-water equilibrium. Obtained water contents were 14, 22, 30, and 38%, respectively, when measured by a soil water content sensor (Model:
HydroSense with a CS620 water content sensor, Campbell Scientific Inc., Logan, Utah, USA). Using LED-2, 3 replicate images were taken for the 6 illumination intensities and 4 water contents, resulting concluded that relative travel distances were not negligible even for low travel speeds and stationary image acquisition would be preferable for soil texture classification using image processing. 
IV. CONCLUSIONS
In this study, major issues to develop an in-situ soil texture classification system using image processing were investigated. The issues were effects of sensor travel speed, effects of light source and intensity on image quality, and potential of soil texture classification algorithm using RGB values of soil surface image. Main findings were summarized as followings.
ㆍWhen travel speed of image sensor increased from 0 to 10 mm/s, travel distance and number of pixel were increased to 3.30 mm and 9.4, respectively.
This travel distances were not negligible even at a speed of 2 mm/s (i.e., 0.66 mm and 1.4 pixels), and image degradation was significant. The image degradation was also confirmed by visual inspection of images, and stationary image acquisition would be preferable for soil texture classification.
ㆍTests for effects of illumination intensity showed that 7 to 11 Lux seemed a good condition minimizing shade and reflection, but this issue should be investigated further using various light sources and locations. When soil water content increased, illumination intensity should be greater to compensate decrease in brightness.
